NO synthase isozymes have distinct substrate binding sites.
The resonance Raman spectra of the carbon monoxide (CO) derivatives of nitric oxide synthases (NOSs), in which CO coordinates to the heme at the site occupied by oxygen under physiological conditions, are very sensitive to the presence of substrates and inhibitors. Significant differences in the modes associated with the bound CO are now found to depend on the isoenzyme. In the presence of L-arginine, the physiological substrate, the frequencies of the Fe-Co stretching mode and the C-O stretching mode in nNOS, the brain enzyme, are detected at 503 and 1929 cm-1, respectively; whereas in iNOS, the inducible enzyme from macrophage, the modes are detected at 512 and 1906 cm-1, respectively. The frequencies in eNOS, the endothelial isozyme, are similar to those of iNOS. These results indicate that nNOS has a much more open substrate-binding pocket than iNOS and eNOS. A theoretical simulation based on the interaction between the CO and a positively charged guanidino group on the arginine indicates that the polar environment of the CO differs markedly between the isozymes. This may be accounted for either by an arginine-CO distance that is as much as 1 A greater in nNOS than in iNOS and eNOS or by a substantial shielding of the charge on the arginine in nNOS as compared to the other isozymes. This is the first reported detection of a structural difference of the substrate binding sites between the isozymes and serves as an initial step in a rational drug design for NOS.